WORLD INTHXECTUAL PROPERTY ORGANIZATION 
Iniemational Bureau 




PCX 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ 
A61K 31/205, 31/185, 31/045 



Al 



(11) Internati nal Publicati n Number: WO 97/38686 

(43) Internationa] Publication Date: 23 October 1997 (23.10.97) 



(21) Intemationai Application Numlier: PCT/EP97/0I862 

(22) International TOing Date: 1 4 April 1 997 ( 1 4.04.97) 



(30) Priority Data: 
9601395-8 



12 April 1996 (12.04.96) 



SE 



(71)(72) Applicant and Inventor; HAUSSINGER. Dieter 

(DE/DEl; Hauptstrassc 19, D-40225 DOsscldorf (DE). 

(74) Agents: FORSLUND, Niklas ct al.; Pharmacia & Upjohn AB, 
S-112 87 Stockholm (SE). 



(81) Designated States: AL. AM, AT, AU, AZ, BA, BB, BG. BR, 
BY, CA, CH» CN, CU, CL, DE, DK, EE. ES, FI, GB, GE. 
HU. IL, IS. JP. KE. KG. KP. KR, KZ, LC. LK. LR. LS. 
LT, LU, LV. MD. MG, MIC, MN, MW. MX, NO. NZ, PL, 
PT. RO, RU. SD, SE. SG. SI, SK. TJ, TM. TR, TT. UA. 
UG, US. UZ, VN, European patent (AT, BE, CH, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU. MC, NL, PT, SE). 



Published 

Vfi^h imernationai search report. 



(54) Title: USE OF AN OSMOLYTE FOR TREATING THE EFFECTS OF AN INFECTION, AN INFLAMMATION OR AN IMMUNE 
DYSFUNCTION 

(57) Abstract 

The present invention is diiected to a therapy and suitable compositions involving an effective amount of an osmolyte capable of 
treating the effects of an infection, an inflammation or an immune dysfunction. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing intemationai applications under the PCT. 



AL 


Atbania 


ES 


Spain 


LS 


Lesotho 


AM 


Armenia 


F1 


Finland 


LT 


Lithuania 


AT 


Austria 


FR 


France 


LU 


Luxembouig 


AU 


Australia 


GA 


Gabon 


LV 


l^via 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Mofuco 


BA 


Bosnia and Heraegovtna 


GE 


Georgia 


MD 


Republic of Moldova 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


BE 
BF 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


BG 


' Bulgaria 


HU 


Hungary 


ML 


Mali 


BJ 
BR 


Benin 


IE 


Ireland 


MN 


Mongolia 


Brazil 


IL 


Israel 


MR 


Mauritania 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger . 


CG 


Congo 


K£ 


Kenya 


^iL 


Netheriands 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


CI 


Cftie d'lvoiie 


XP 


Democratic People's 


NZ 


New Zealand 


CM 


Cameroon 




Republic of Korea 


PL 


Poland 
Ponugal 


CN 


China 


KR 


Republic of Korea 


FT 


cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 


cz 


Czech Republk 


LC 


Saim L4]cia 


RU 


Russian Federation 


DE 


Germany 


U 


Liechtenstein 


SD 


' Sudan 


DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 


EE 


Estonia 


LR 


Liberia 


SG 


Singapore 



SI 


Sk>venia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swa»tand 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Tiirkcy 


TT 


Trinidad and Tobago 


UA 


Ukraine 


VG 


Uganda 


US 


United Slates of America 


VZ 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



wo 97/38686 



PCT/EP97/01862 



USE OF AN OSMOLYTE FOR TREATING THE EFFECTS OF AN INFECTION. AN INFLAMMATION OR 
AN IMMUNE DYSFUNCTION. 



Field of invention 

5 

The present invention relates to the use of osmolytes in the manufacture of 
therapeutic agent for treating the effects of an infection, inflammation or for treating an 
immune dysfunction. 

10 Background of the invention 

Liver macrophages or Kupffer cells belong to the mononuclear phagocyte 
system and play an important role in the body's defense machinery, see e.g. Eur J 
Biochem, 1990, Vol. 192, pag. 245-261 ; K Decker. The Kupffer cells are the major 

1 5 producer of eicosanoids, such as prostaglandin E2 , D2 and thromboxane A2 in the liver. 
The eicosanoid production by the Kupffer cells plays a major role in the pathogenesis of 
septic shock and may contribute to liver cell damages under these conditions. The 
formation of eicosanoids is dependent on enzymatic conversion of arachidonic acid by 
cyclooxygenase (Cox) which appears in two iso-forms. One form (Cox-1) is constitutively 

20 expressed, whereas one form (Cox-2) is induced in macrophages upon the response to 
proinflammatory stimuli. 

It has been demonstrated in, Biochem. J, 1995, Vol. 312, page 135-142, F 
Zhang et al., that endotoxin enhances the expression of inducible cyclooxygenase-2 (Cox- 
2), with the result of an increased formation of prostanoids by Kupffer cells and other 

25 macrophages. It was also demonstrated in this publication that a similar prostaglandin E2, 
D2 and thromboxane B2 formation and Cox-2-expression is stimulated about 7-10-fold, 
when the ambient osmolarity increases from 300 to 350 mosmoI/1. 

The remarkably sensitive and potent osmoregulation of Kupffer cell function 
suggests that cell volume homeostasis is a critical factor for Kupffer cell function. It would 

30 therefore be desirable to investigate the activity of organic osmolytes of the type normally 
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used by the cells for adaptation to osmolality changes by accumulation or release in 
response to hyperosmotic cell shrinkage and hyperosmotic cell swelling, respectively, in 
order to maintain cell volume honneostasis. This type of organic osmolytes need to be non- 
permrbing solutes that do not interfere with protein function even when occurring at high 
5 intracellular concentrations. Such a prerequisite may explain why only a few classes of 
organic compounds, viz. polyols (e.g. inositol and sorbitol), methylamines (betaine, a- 
glycerophosphoryicholine) and certain amino acids such as taurine have evolved as 
osmolytes in living cells. 

In mammals, osmolytes have been identified in astrocytes, renal medulla cells 
10 and lens epitheiia. The need for osmolytes in renal medulla cells is obvious, because 

ambient medullary osmolarity can increase up to 3800 mosmol/i during antidiuresis and 
. decrease to 170 mosmol/1 during diuresis. In the antidiuretic state (high extracellular 
osmolarity), intracellular osmolarity increase in renal medullary cells as the result of the 
intracellular accumulation of inositol and betaine, which are taken up via Na+-dependent 
15 transporters. These Na+-dependent transporters are induced upon hyperosmotic exposure 
in renal cells and astrocytes. Recent studies with Madine-Darby canine kidney (MDCK) 
cells have identified a hypertonic stress-responsive element in the 5*-flanking region of the 
mammalian BGT-I gene (betaine transporter). 

In a parallel study disclosed in FEES Letters, 1995, Vol. 377, pages 47-50, 
20 U Warskulate et al., betaine is identified as an osmolyte in mouse macrophages. The 
betaine uptake in^mouse macrophages was significantly stimulated when the cells were 
exposed to a hyperosmotic (450 mosm/I) medium. From the results of this study it was 
concluded that betaine availability could be a potential site for the regulation of 
macrophage cell function. 
25 Certain organic osmolytes have previously been suggested in the 

International Patent Application WO 91/14435 as supplements to protect cells in a 
dehydrated environment from volume changes. Also in Biochem. Journal, 1992. Vol. 282, 
pages 69-73, it is demonstrated that SV-3T3 cells (fibroblasts) subjected to hyperosmotic 
conditions may retain normal function in terms of rate of cell proliferation and protein 
30 synthesis in the presence of an osmolyte. Even if these publications may consider a 
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therapeutic utility of certain osmolytes, there are no disclosures of hov/ osmolytes can 
- , affect cells which mediates pathological events, specifically immune competent cells both 
at hyperosmolar conditions and in conditions with normal osmolarity. 

According to the present invention, it has been surprisingly found that 

5 certain organic osmolytes, such as betaine, have a powerful capacity, besides restoring the 
intracellular osmolality to ambient levels, to affect cellular functions which^are parts of the 
mechanisms of inflammation, infection and immune dysfunction. For example, the present 
invention shows a suppression of the levels of cyclooxygenase-l and thereby also the 
production of eicosanoids, such as prostaglandin E2, produced following endotoxin 

10 challenge. These findings exemplify that otherwise metabolically inen osmolytes exert a 
regulatory effect on the inflammatory response of immune competent ceils. Furthermore, it 
renders such osmolytes a pharmacological potency comparable to conventional anti- 
inflammatory therapy, such as non-steroidal anti-inflammatory drugs (NSAIDts), but 
without the well-disclosed side-effects of those compounds. 

15 

Description of the invention 

It is the object of the present invention to use a therapeutically effective 
amount of at least one osmolyte in the preparation of a therapeutic agent capable of 

20 treating the effects of an infection, an inflammation or an immune dysfunction. 

It is also the object of the present invention to provide compositions which 
enable the treatment or prevention of an infection, an inflammation or an immune 
dysfunction, for example by a therapeutically effective supplementation of at least one 
osmolyte to a parenteral nutrient which is modified to facilitate cellular osmolyte uptake. 

25 The osmolytes being used according to the present invention are particularly 

aimed to affect cells which have an active part in producing mediators of said 
complications or have an active part in the immune system. Such cells typically include, 
but are not limited to, immune competent cells, endothelial cells and hepatocytes and are 
examplified below by macrophages, Kupffer cells, and liver sinusoidal endothelial cells. 

30 The effects originating from infection, inflammation and immune dysfunction which are 
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treatable by the utility of the present* invention include, but are not limited to, an increase 
in the cellular cyclooxygenase activity, an increase in the cellular inducible nitric oxide 
synthase levels, raised TNF-levels as typically triggered by bacterial endotoxins, cytokines, 
microorganisms or their fragments or products, other inflammatory mediators appearing as 
5 a result of inflammatory conditions, the transition to neoplastic cells, other dysfunctions of 
the immune system, or from tissue injuries. These effects can be followed by cell death in 
vital organs, such as programmed cell death (apoptosis) or necrosis which consequently 
also can be treated by inventive osmolyte therapy. The mentioned effects can also be 
accompanied by cellular volume changes induced by plasma hyperosmolarity, for example 
10 in severe infectious diarrhea where extensive fluid losses are elicited and in other fluid 
imbalance conditions where a fluid therapy is mandatory. 

According to the present invention osmolytes are deHned as agents that can 
be used by the cells for regulation of the ceU hydration by a specific transport mechanism 
through the cellular membranes. Such agents have traditionally not been considered to 
1 5 intervene to alter the cellular metabolism, except for their function as substrates in 

metabolic pathways. The osmolytes used according to the present invention are preferably 
selected from a group of organic osmolytes consisting of polyols, amino acids and 
methylamines that will not interfere with the cellular protein function, although being 
present at high intracellular concentrations. Prefenred osmolytes are polyols, such as myo- 
20 inositol and sorbitol, methylamines, such as betaine and alpha-glycerolphosphorylcholine 
and certain amino acids, such as taurine. Also salts and precursors of such osmolytes are 
conceivable to use in the present invention, such as alkyl esters of suitable osmoJytes and 
oligopeptide derivatives According to the present invention chemical modifications of 
osmolytes are conceivable in order to obtain osmolytic derivatives with facilitated 
25 transmembrane transport and thereby increase their intracellular uptake. Other objectives 
for chemical modifications can be to introduce conjugates of osmolytes with improved 
target seeking and capacity, to obtain a desired solubility, polarity or physical stability. 

It is especially preferable to use inositols, amino acids and methylamines. 
and particularly preferable to use taurine, betaine and myo-inositol, their salts and 
30 precursors such as functional derivatives of betaine or taurine or releasing conjugates, for 
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example alkyl esters of betaine. Also biological precursors of such compounds are 
considered as pan of the present invention. In particular, choline is desirable lo select 
considering its capacity to be conversed to betaine in certain cell types, such as 
hepatocytes, for transportation to betaine deficient cells without such capacity, such as 

5 Kupffer cells. It is to be understood that also the use of mixtures of the mentioned 

osmolytes can be a part of the present invention, for example mixtures of amino acids and 
methylamines with osmolytic capacity. A preferred combination of osmolytes is taurine 
and betaine in effective amounts. 

In clinical practice, the present invention provides for a new use of osmolytes 

10 in therapy and provides new compositions together with selected nutrients. It is obvious 
that the present invention is applicable in the treatment of reducing the effects of infection, 
inflammation and immune dysfunction in any pathological condition which involves 
osmotic stress on cells or tissues or in conditions were osmolyte supply or synthesis is 
inadequate. Such conditions involving osmodc stress can result from fluid losses* for 

1 5 example from diarrhea, bums and sepsis, or be the result of increased levels of circulating 
metabolites, for example urea and glucose. Increased urea levels can appear as a 
consequence of increased protein catabolism, e.g. post trauma, or from impaired nitrogen 
metabolism including the state of uremia. An increase in circulating levels of glucose is a 
well recognized complication in diabetes as well as reversible insulin resistance, in the 

20 catabohc state following trauma and during the progress of certain cancer forms. 

Furthermore the use of osmolytes according to the present invention would also be useful 
in the treatment of colon cancer involving an increase in cyclooxygenase levels where 
conventionally non-steroidal antiinflammatoric drugs are administeried to suppress the 
carcinogenity. 

25 Conventionally used parenteral nutrition products, as required by many 

patients suffering from the above-mentioned complications, generally are low or even 
completely deficient in betaine and its precursor choline. The betaine deficiency facilitates 
an augmented eicosanoid production which is known to precipitate cholestasis, a well 
recognized inflammatory complication in the bile ducts which might appear during 

30 parenteral nutrition. For this reason, it is also an important aspect of the present invention 
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to provide such parenteral nutritional products with an effective amount of the mentioned 
osmoiytes, in order to provide nutritional regimens which aim to prevent chiestasis. 
According to one embodiment of the present invention, the osmolyte is used together with 
a parenteral or enteral nutrient solution deHcient compounds interfering with the osmolyte 
5 uptake in immune competent cells. Examples of such nutrients are fluid sources of amino 
acids comprising amino acids or conjugates thereof (e.g. peptides) or amino acid 
precursors, lipid emulsions comprising certain beneficial long-chain fatty acids and/or 
medium chain fatty acids as energy suppliers and sugars or carbohydrates. Such 
compositions are selected to effectively combine osmolyte therapy with an appropriate 
10 nutritional therapy suitably adapted in its composition to patients suffering from severe 

infections or inflanunatory conditions or impairments of the immune system. Such diets are 
well-known and can be made available for enteral or parenteral administration and the 
skilled practitioner can readily adapt them to be administered together with an osmolyte by 
removing certain amino acids (or other compounds) which may interfere with the cellular 
15 osmolyte uptake. When the osmolytes are selected among amino acids and methylamines it 
is preferred that the nutrients are deficient in certain amino acids interfering with the 
cellular uptake of osmolytes. If the osmolyte specifically is a betaine (or a salt or precursor 
thereof) it is preferred that a composition is deficient in alanine and proline, which means 
that it either lacks these amino acids or that it has a suitably low level of them in order to 
20 minimize their interference with the cellular osmolyte uptake. According to another 

embodiment of the present invention^ the osmolyte is selected among methylamines and 
amino acids with osmolytic capacity formulated in an enteral or parenteral composition 
optionally together with one or several nutrients selected from a fluid amino acid source, a 
lipid emulsion and carbohydrates. This composition can further comprise such constituents 
25 conventionally used in nutrition, such as vitamins, trace elements, electrolytes, as well as 

drugs suitable to administer to a patient in a specific clinic situation, such as antibiotics and 
anesthetics. It is especially preferred that the composition comprises such an amount of the 
osmolytes so a plasma concentration within the approximate range of 0.01 lo 10 mM and 
a preferred range 0. 1 to 1 -2 mM is obtained after its administration. The most preferred 
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osmolytes according to the present invention are betaine and taurine and their salts or 
conjugates (functional equivalents) which can be used either alone or together. 
The following part aims to exemplify the present invendon and shall not be regarded as 
limiting for the scope of invention. 

5 

Detailed and exemplifying description of the invention 

Fig. 1 shows time-dependent induction of BGT-1 (betaine transport protein) 
and Cox-2 niRNA levels in Kupffer cells during hyperosmolarity. The Kupffer cells were 

10 exposed to LPS ( 1 pg/ml) in normoosmotic (305 mosmol/1) or hyperosmotic (405 
mosmol/1) media for the time periods indicated and mRNA levels for BGT-1, 
cyclooxygenase-2 (Cox-2) and glyceraldehydephosphate dehydrogenase (GAPDH) were 
determined by Northern blot analysis. 

Fig. 2 demonstrates the induction of BGT- 1 mRNA by hyperosmolarity in 

15 unstimulated Kupffer cells. Rat Kupffer cells were exposed for 12 h in hypoosmouc (205 
mosmol/1), hyperosmotic (405 mosmol/l) or normoosmotic media (305 mosmol/1) and the 
mRNA levels for BGT- 1 and GAPDH were determined by Northern blot analysis. 

Fig. 3 displays the effect of medium osmolarity on the mRNA levels for 
BGT-U Cox-1, Cox-2 and GAPDH. LPS stimulated rat Kupffer cells were exposed for 12 

20 h to media with the osmolarity indicated. Osmolarity changes were performed by 

appropriate addition/removal of NaCl. The mRNA levels for BGT-l and GAPDH were 
determined by Northern blot analysis. This experiment is representative of three separate 
experiments. 

Fig. 4 shows the effects of betaine, taurine and glutamine on BGT- 1 mRNA 
25 levels in Kupffer cells. Rat Kupffer cells were exposed to hyperosmotic medium (380 
mosmol/l) for 12 h. This medium contained no further additions (control) or betaine, 
taurine or glutamine at the concentrations indicated. The mRNA levels for BGT- 1 and 
GAPDH were determined by Northern blot analysis. This experiment is representation of 3 
different experiments. 



wo 97738686 PCT/EP97/01862 

8 

Fig. 5 shows the effect of betaine on the hyperosmolarity-induced induction 
of Cox-2 protein (A) and niRN A (B) in LPS-stimulated Kupffer cells.(A) Kupffer cells 
were exposed to LPS (1 pg/ml) in nonnoosmotic (305 mosmolA) or hyperosmotic (405 
mosmoI/1) media for 24h in the absence or in the presence of betaine as indicated. Then 
5 whole cell extracts were used for Western blot analysis as described in Methods. (B) 
Kupffer cells were treated to LPS in noraioosmotic or hyperosmotic media with the 
indicated concentrations of betaine for 12 h. The mRNA levels for BGT-1 and GAPDH 
were determined by Northern blot analysis. 

Fig. 6 shows the time-dependent induction of BGT-1 (betaine transporting 
10 protein) and TAUT (taurine transporting protein) and SMIT (the myo-inositol transporter) 
mRNA-levels in rat Kupffer cells. The Kupffer cells were exposed to LPS (1 ^lg/ml) in 
nonnoosmotic (305 mosmol/1) or hyperosmotic (405 mosmol/1) media for the time periods 
indicated and mRNA levels for BGT-1 , SMIT, TAUT and glyceraldehydephosphaie 
dehydrogenase (GAPDH) as a standard were determined by Northern blot analysis. 
1 5 Fig. 7 shows the influence of myo-inositol, taurine and betaine on 

cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) mRNA levels in rat 
sinusoidal cells during hyperosmolarity. Cultured sinusoidal cells were exposed to LPS 
(lipopolysaccharide 1 Mg/ml to produce an endotoxic effect) for 6 h in nonnoosmotic (305 
mosmol/1) or hyperosmotic (405 mosmol/1) in the presence or absence of 5 mmol/l of 
20 myoinositol taurine or betaine). mRNA levels of COX-2 and iNOS were determined by 
Northern blot analysis (7 ^ig of total RNA per lane). Glyceraldehyde -3-phosphatase 
mRNA was used for standardization. 

Fig. 8 shows the effect of ambient osmolality on mRNA levels for the betaine 
transporter (BGT- 1), the taurine transporter (TAUT), the myo-inositol transporter 
25 (SMIT) and GAPDH in the rat liver endothelial cells. Changes in osmolality were 

performed by appropriate addition/removal of sodium chloride. The mRNA levels were 
determined by Northern blot analysis^ 

Fig. 9 shows the osmolarity dependent induction of the betaine transporter 
(BGT- 1 ), cyclooxygenase-2 (COX-2)v inducible nitric oxide synthase (iNOS) and GAPDH 
30 (as a reference) in rat Kupffer cells following exposure to LPS ( 1 ng/ml) in normoosmotic 
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media (305 mosmol/i) or hyperosmotic media (375 mpsmol/l). the mRNA levels were 
determined by Northern blot analysis. 

Fig. 10 shows the influence of betaine on the transporters for betaine and 
taurine (BGT-1 and TAUT) and on inducible nitric oxide synthase nriRNA levels in RAW 

5 264.7 mouse macrophages during hyperosmolarity. The macrophages were exposed to 
LPS (1 jig/ml) for 6 hours in the presence or absence of 0. 1 or 5 mmol/I betaine. The 
mRNA levels of the transporters and iNOS were determined by Northern blot analysis. 

Fig. 1 1 A shows the modulation of the CD95 ligand mRNA expression (a 
mediator for apoptosis) in rat Kupffer cells in response to LPS challenge ( 1 ug/ml for 6h). 

10 In experiments shown in bars 1 and 2, the cells were not incubated with LPS. In 
experiments shown in bars 2 and 4, 5 mmol/1 betaine was added 30 nrun before and 
throughout the whole 6 h measurement period. Total RNA was extracted, reverse 
transcribed and quantified by using PCR technique. Results are expressed as the ratio of 
number of CD95 ligand transcripts obtained with the indicated primers to the numbers of 

1 5 rat hypoxanthine-guanine phsopboriby Itransferase (HPRT) transcripts. 

Fig. 11 B shows the same experiment as in Fig 1 1 A performed with rat sinusoidal 
endothelial cells. 

Table 1 shows how the hyperosmolarity induced betaine uptake is affected by the presence 
20 of various amino acids. 

Table 2 shows the effect of betaine on the prostaglandin E2 production by 
lipopolysaccharide stimulated rat Kupffer ceils in normosmotic and hyperosmotic medium, 
respectively. 

25 

Material and n^ethods 

Culture medium RPMI 1640 (without phenol red) and fetal calf serum (FCS) were from 
Biochrom (Berlin, Germany), oligonucleotide-labelling kit were from Pharmacia (Freiburg, 
30 Germany). Guanidine thiocyanate and sodium lauroylsarcosinate were from Fluka 
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(Karlsruhe, Genmany). (a-32P)dCTP (3000 Ci/mmol) and Hybond-N nylon membranes 
were purchased from Amersham Buchler (Braunschweig, Germany). A plasmid containing 
full-length BGT-1 cDNA was kindly provided by Dr. H. Moo Kwon (Division of 
Nephrology, The John Hopkins University School of Medicine, Baltimore, MD, U.S.A.). 
5 The cyclooxygenase (Cox-1 and Cox-2) cDNA probes were from Cayman Chemical 
Company (Ann Arbor, Michigan) and the 1 .0 Kb cDNA fragment for glyceraldehyde-3- 
phosphate dehydrogenase (GAPDH) was used for standardization was from Clontech 
(Palo Alto, U.S.A.). 

10 Tsolation and culture of Kupffer cells 

Kiipffer cells from male Wistar rats of 300-400 g body weight raised in the local institute 
for laboratory animals were isolated by coUagenase-pronase perfusion and separated by a 
single Nycodenz gradient and centrifugal elutriation. Cells were cultured in RPMI 1640 
1 5 medium supplemented with 10% heat-inactivated fetal calf serum (PCS) for 48 h. The 
experiments were performed during the following 24 h using Krebs-Henseleit hydrogen 
carbonate buffer (pH 7.4) containing 10 mM glucose and 1% PCS. At that time the 
cultures consisted of more than 99% Kupffer cells as demonstrated by their morphological 
appearance and their ability to phagocytose 1 \xm Latex particles, which is not observed in 
20 cultured endothelial cells. The osmolarity was varied by changing the NaCl concentration. 
The viability of Kupffer cells was more than 95% as assessed by trypan blue exclusion. 
Kupffer cell volume was measured by flow resistance cytometry using a Casy 1 cell 
counter and analyzer system (Scharfe Systeme, Reuilingen, Germany). In normoosmotic 
medium, the average Kupffer ceil volume was 724 ± 24 fl (7 different preparations). 
25 Protein content was 0.039 ± 0.009 mg per 106 cells (n=7). Assuming a water content of 
80% of whole Kupffer ceil volume, a mean intracellular water space of 14,9 pl/mg protein 
is estimated Viability of the incubations was routinely tested by lactate dehydrogenase 
(LDH) release at the end of the incubation. 12-24 h hyperosmotic (405 mosmol/1) or a 
hypoosmotic (205 mosmol/1) exposure was without effect on LDH release. . 



30 
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Determination of PGE2 

Kupffer cell supematanis were assayed for PGE2 by competitive binding 
radioimmunoassay (RIA) using f 3Hllabeled PGE2 (Amersham, Braunschweig, Gemiany) 
5 and a specific antiserum to PGE2 (Sigma, Deisenhofen, Germany). For further details, see 
Biochem. J, 1995, Vol. 312, page 135-142, F Zhang et al. 
PGE2 is considered as representative in this context as a general marker for the 
eicosanoids affected by the osmolyte therapy 

10 Western blotting 

Kupffer cells were washed with phosphate-buffered saline, and were lysed in 100 mM 
NaCl containing 10 mM-Tris/HCl (pH 7.3), 2 mM EDTA, 0.5% deoxycholate, 1% 
Nonidet P40, 10 mM MgC12, 1 mM phenylmethanesulphonyl flouoride, and 10 jig of 

15 aprotinin/ml for 10 min on ice. Ly sates containing 30 (ig of protein were mixed with an 
equal volume of Laenunli sample buffer, and denatured by boiling for 5 min. After 
SDS/PAGE (10% gel) and electrophoretic transfer, the nitrocellulose filters were blocked 
using 3% defatted dried nriilk in Tris-buffered saline with 0. 1 % Tween-20 (TBS-T) for I h. 
Filters were incubated overnight with a specific antibody to Cox-2 (Cayman chemicals, 

20 Ann Arbor, MI) used at a dilution of 1 : 1000. After washing in TBS-T, the filters were 

incubated with horseradish peroxidase-conjugated anti -rabbit antibody, again washed four 
times in TBS-T and exposed to enhanced chemiluminescence reagents for 1 min. Blots 
were exposed to Kodax S AR-5 film for 1-5 min. 

25 Northern blot anaWsis 

Total RNA from near-confluent culture plates of Kupffer cells was isolated by using 
guanidinethiocyanate solution. RNA samples were electrophoresed in a 0.8% agarose/3% 
formaldehyde and then blotted onto Hybond-N nylon membranes with 20X SSC (3 M 
30 NaCl, 0.3 M sodium citrate). After brief rinsing with water and UV-crosslinking (Hoefer 
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UV-crosslinker 500), the membranes were inspected under UV illumination to determine 
RNA integrity and location of the 28S and 18S rRNA bands. Blots were then subjected to 
a 3 h-prchybridization at 43 jC in 50% deionized formamide, in sodium phosphate buffer 
(0.25 M, pH 7.2). containing 0.25 M NaCl, 1 mM EDTA, 100 mg/ml salmon sperm DNA 

5 and 7% SDS. Hybridization was carried out in the same solution with approx. 106 cpm/ml 
(a-32P)dCTP-labeled random primed BGTl, Cox-1 or Cox-2 and GAPDH cDNA probes. 
Membranes were washed three limes in 2x SSC/0.1% SDS and twice in sodium phosphate 
buffer (25 mM, pH 7.2)/EDTA (1 mM)/l % SDS. Blots were dien exposed to Kodak AR 
X-omai film at 70° C with intensifying screens and analysed with PDI densitometry 

1 0 scanning (Pharmacia, Freiburg, Germany). 

Statistics 

Values are expressed as mean S£.M (n= number of Kupffer cell preparations). Statistical 
1 5 analysis was performed using Student' s t-test. p<0.05 was considered to be statistically 
significant. ... 

Discussion of the results 

20 As shown in Fig. 1, hyperosmotic exposure of Kupffer cells led to a strong 

and time dependent increase in BGT- 1 mRNA levels. Maximal BGT-1 mRNA levels were 
found after 12 h of hyperosmotic exposure (Fig. 1). The time course of hypcrosmolarity- 
stimulated expression of BGTl mRNA roughly paralleled the increase in mRNA levels for 
cyclooxygenase-2 (Cox-2), when Kupffer cells were simultaneously exposed to 
25 lipopolysaccharide (LPS) (Fig. 1). 

In the absence of lipopolysaccharide, hyperosmolarity likewise induced 
BGT- 1 mRNA (Fig. 2); under these conditions induction of Cox-2 mRNA is not observed. 

In the presence of LPS, BGT-1 and Cox-2 mRNA levels, but not the mRNA 

levels for cyclooxygenase- 1 (Cox- 1 ) were strongly dependent upon the ambient osmolarity 
30 (Fig. 3). As shown in Fig. 4 and Fig. 5. the hyperosmolarity-induced induction of BGT- 1 
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mRNA was counteracted by betaine in a concentration-dependent manner, but not by 
taurine or glutamine. This suggests an important function of betaine among osmolytes in 
the regulation of immune competent ceils. As previously shown in Biochem. J, 1995, Vol. 
312. page 135-142, F Zhang et al., hyperosmotic exposure of LPS-stimulated Kupffer 

5 cells markedly increases prostaglandin E2 (PGE2) formation due to an induction of 
cyclooxygenase-2 (Cox-2). However, when betaine is added to treat the immune 
competent ceils (Kupffer cells) according to the present invention, the hyperosmolarity- 
induced stimulation of PGE2 production is significantly diminished (Table 2). As shown in 
Fig 5, betaine prevented the hyperosmolarity/LPS-induced induction of cyclooxygenase-2 

10 at the level of both, immunoreactive protein (Fig. 5A) and mRNA (Fig. 5B). 

Functional organic osmolytes besides betaine and taurine in Kupffer cell are 
not yet clear. However, neither taurine (see Fig. 4) nor myo-inositol (see Table 1) had any 
significant effect on the hyperosmotic-induction of the betaine transport. It is possible that 
other forms of immune competent cells than Kupffer cells could be shown to be dependent 

1 5 on other osmolytes for their regulation of their immune function. 

It is demonstrated in Fig. 6 that mRNA levels for both betaine transporting 
protein (BGT-1) and taurine transporting protein (TAUT) were expressed in Kupffer cells 
and were strongly dependent on ambient osmolarity. Hence it is shown that both betaine 
and taurine arc important factors for the regulation of the cellular function in immune 

20 competent cells. Besides the transporters for betaine and taurine, also the myo-inositol 
transporter (SMIT) is expressed in Kupffer cells and in liver endothelial cells (see Fig. 8). 
Consequently, these experiments demonstrate betaine, taurine and myo-inositol as 
therapeutically effective osmolytes. There is a time dependent increase in BGT-1 and 
TAUT and SMIT mRNA expression in response to hyperosmolarity (Fig. 6) while the 

25 expression of the osmolyte transporters increase with increased osmolality (Fig. 8). These 
findings indicate that the therapeutic efficacy can be optimized in relation to the targeted 
cell type and the timing of the intervention. 

The findings demonstrated in Fig. 7 indicate that the osmolytes myo-inositol, 
taurine and betaine are effective in downregulating COX-2 expression also in endothelial 

30 cells. 
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The results shown in Fig. 9 demonstrate that in Kupffer cells, osmolyies are 
effective in downregulating COX-2 and INOS expression also at normoosmolar conditions 
which implies that osmolytes exert these effects through a mechanism independent of 
cellular hydration. 

5 The results of Fig. 10 show that osmolytes are effective in 

downregulating inducible nitric oxide synthase (iNOS) in macrophages. As iNOS is 
mediator in complications following inflammation and infection these results further 
support the utility of selected osmolytes as therapeutically effective agents for treating the 
effects of such complications. Fig. 11 A and 1 1 B demonstrates the capacity of osmolytes 

10 in protection of apoptosis. 

As shown in Table 1 , hyperosmolarity-stimulated betaine uptake was 
strongly inhibited by 10 nmiol/l concentrations of proline and gamma-aminobutyric acid 
and to a lesser extent by alanine, histidine and methylaminoisobutyrate, whereas taurine 
and choline were less effective. In both, kidney and Kupffer cells, BGT-1 mRNA levels 

1 5 increase in response to hyperosmolarity and the induced betaine transport activity is Na- 
and Cl-dependent and is inhibited by GAB A and proline. In kidney, betaine and myo- 
inositol counteract the hyperosmolarity-induced induction of their respective transporters, 
such a behavior is also found for the betaine transporter in Kupffer cells, see Table 1 . 
The findings in Biochem. J, 1995,.Vol. 312, page 135-142, F Zhang et al., have indicated 

20 that eicosanoid formation by LPS-stimulated Kupffer cells is critically dependent upon the 
ambient osmolarity within a narrow range. Prostaglandin E2 formation increases up to 10- 
fold in response to hyperosmotic exposures, see Table 2 and Fig. 3, due to an induction of 
Cox-2. 

Table 2 and Fig. 5 also demonstrates that betaine suppresses the 
25 hyperosmolarity-induced increase in PGE2 fomiation and Cox-2 induction, thus indicating 
that this osmolyte does interfere with the inflammatory response of immune competent 
cells, such as liver macrophages. An addition of betaine (.1 mmol/l) to hyperosmoiically 
exposed Kupffer cells abolished the suong induction of Cox-2 and the increase of 
prostaglandin E2 formation. The betaine concentrations required for such an effect (Table 
30 2) are well in the range of the physiological plasma concentration, which is reponed to be 
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20-120 jxmoI/1. Il should be stressed that the findings of Table 2 demonstrate that 
osmolytes, and in particular betaine, have a capacity of decreasing Cox-2 levels induced by 
endotoxins or by other mediators or effectors of the immune system, both in 
normoosmolar and in hyperosmolar media. A therapeutic supply of selected orgsuiic, 

5 endogenous osmolytes thus has a considerable px>tential in the treatment of infections, 
inflammatory conditions and immune dysfunctions, where it could be of advantage to 
reduce the induced inflammatory response of eicosanoids by a reduction of Cox-2 levels or 
to restore the normal function of immune competent cells. Furthermore, the findings in 
Table 2, related to the downregulation of the inflammatory process, also in cases without 

10 osmotic stress, makes it obvious to conclude that certain osmolytes can alleviate 
inflammation states in general. For example could inflammatory bowel syndromes 
potentially be treated with such osmolytes by enteral or parenteral administration. 

Table 1 : 

15 

Inhibition of hyperosmolarity-induced betaine uptake by various amino acids. 

Kupffer cells were exposed for 12 h to hyperosmotic medium (405 mosmol/1); thereafter 
( 14C1 betaine (10 |imol/l) uptake was measured in the absence (control) or presence of 
20 various effectors, which were added at a concentration of 10 mmol/1, each. Data are give 
as mean ±SEM and are from four different experiments. 
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*significantly different from the control (p<0.05). 



Betaine uptake % inhibition of betaine uptake 

5 (nmol/mg protein/2h) 



Control 


17.9±1.1 


0 


GABA 


3:5±0.7 * 


80 


L-proline 


1.2±0.1 * 


93 


MeAIB 


8.4±1.2 • 


53 


L-alanine 


10.8±1.2 * 


40 


L-histidine 


7.8+0.9 * 


57 


choline 


16.4±1.4 


9 


taurine 


18.4±1.4 


0 


myo^inositol 


18.5±1.3 


0 
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Claims 

1 , Use of an effective amount of at least one osmolyte in the preparation of a therapeutic 
agent capable of preventing or treating the effects of an infection, an inflammation or an 

5 immune dysfunction. 

2. Use according to claim 1 , wherein the osmolyte exerts its therapeutic effects by 
affecting cells producing mediators of said complications. 

10 3. Use according to claim 2, wherein said cells are selected among immune competent 
cells, endothelial cells and hepatocytes. 

4. Use according to any of claims 1 to 3, wherein said effects involves an increase in the 
activity of cycJooxygenase (Cox) and/or inducible nitric oxide synthase (iNOS) and/or 

15 cell death. 

5. Use according to any of claims 1 to 4, wherein said effects involves hyperosmolarity. 

6. Use according to claims 1 to 5 characterized in that the osmolyte is organic and 
20 selected from a group consisting of polyols, amino acids and methylamines. 

7. Use according to claim 4 characterized in that said osmolyte is selected from a group 
consisting of betaine, taurine and myoinositol, their salts or precursors. 

25 8- Use according to any of claims 1 to 7, wherein the osmolyte containing preparation 
osmolyte is a parenteral nutrient deficient in agents interfering with the cellular osmolyte 
uptake. 



30 



9. Use according to claim 8, wherein the osmolyte is betaine its salts or precursors 
nutrient is deficient in the amino acids alanine and proline. 
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15 



Table 2: 

Effect of betaine on prostaglandin £2 production by LPS-stimuiated rat Kupffer ceils 

Rat Kupffer cells were incubated with LPS (1 Mg/ml) in normoosmotic (305 mosmol/l) or 
hyperosmotic (380 mosmol/I) medium for 24 h. PGE2 formation was measured by 
radioimmunoassay. Data are given as mean ±SEM and are from four different 
experiments. 

*significantly different from the control(p<0.05). 

PGE2 (pmol/106/24h) 



305 mosmol/I 380 mosmol/l 



20 Control 24.7±2.9 185.8±24 

Betaine O.lmM 20.1±4.2 . 104.1±28 * 

Betaine ImM 16.1±4.4 35.6±5.8 * 

Betaine 5mM 13.6±3.9 21.3±2.5 * 

Betaine lOmM 11.8±3.5 * 24.3+3.3 * 



25 
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10. Use of an effective amount of an osmolyie selected among betaine, taurine^ 
myoinositol, their salts or precursors, in the preparation of a therapeutic agent for treating 
a patient having, or being at risk of acquiring, complications involving cellular volume 

5 changes in immune competent cells or endothelial cells. 

1 1 . A composition comprising a therapeutically effective amount of at least one osmolyte 
and least one nutrient selected from a group consisting of lipid emulsions, fluid sources of 
amino acids and carbohydrates characterized in that said nutrient is deficient in 

10 nutritionally useful compounds interfering with the osmolyte uptake. 

1 2. A compoisition according to claims 1 1 characterized in that the osmolyte is selected 
from a group consisting of polyols, amino acids and methylamines. 

15 13. A composition according to claim 12 characterized in that said osmolyte is selected 
from a group consisting of betaine, taurine and myo-inosiol, their salts and precursors. 

14. A composition according to claims 12 or 13, wherein said nutrient is deficient in amino 
acids interfering with the osmolyte uptake. 

20 

15. A composition according to claims 14 comprising betaine or its salts or conjugates, 
wherein said nutrient is deficient in the amino acids proline and alanine. 

16. A composition comprising a therapeutically effective amount of at least one osmolyte 
25 selected from a group consisting of betaine, taurine and myo-inosiol, their salts and 

precursors. 

17. A composition according to claim 16 capable of providing a plasma concentration of 
about 0.01 to 10 mM of osmolytes.. 



30 
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1 8. A method of treating or preventing the effects of an infection, an inflammation or ah 
immune dysfunction in a patient characterized by a supplying an effective amount of at 
least one osmolyte. 



wo 97/38686 PCT/EP97/01862 



1/11 



Ih 3h 6h 12 li 24 h Time 

305 405 305 405305 405 305 405 305 405 Osmolarf ty (mosraol/I) 

^ 1? ^ COX-2 

Mttt^O«Al0 ti ^ a GAPDH 



Fig. 1 



SUBSTfTUTE SHEET (RULE 26) 



wo 97/38686 PCT/EP97/01862 

2/11 



o O Oi « 

^ a .5 .S 
§ g JS iS 



U U « cS 

305 405 305 405 Osmotarity (mosmol/l) 

— BGTl 

GAPDH 



Fig. 2 



SUBSTITUTE SHEET (RULE 26) 



wo 97/38686 PCT/EP97/01862 

3/11 



Osmolarity 
205 255 305 330 355 380 405 mosmol/l 

■r4(4 m t>s^ *^ BGTl 



^^ff« COX.2 



^-^^^mrn cox-i 



GAPDH 




Fig. 3 



SUBSTITUTE SHEET (RULE 26) 



wo 97/38686 



4/11 



PCT/EP97/01862 



1 1 1 I 1 



o ^ g g ^ 

2 S 5 S S 

J3 •= -2 -3 '2 « 

O Of O) tJ « .2 

w . m ca cQ H U 



mm m BGTl 

e S e @ GAPDH 



Fig. 4 
SUBSTITUTE SHEET (RULE 26) 



wo 97/38686 



5/11 



PCT/EP97/01862 



305 mosmol/1 405 mosmol/I 

1 * t 



0 0.1 1 5 10 20 0 0.1 1 S 10 20 Betaine (mmol/l) 



Cox-2 



Fig. 5 A 



III 

^ ID 



^ -3 o a; ^ 

ij i3 .S -S .5 

S o -s tJ 

U U CO PQ PQ 



305 405 405 405 405 Osmolarity (mosmol/l) 



9 — cox-2 



GAPDH 



Fig. 5 B 



SUBSTITUTE SHEET (RULE 26^ 



W0 97A38686 



6/11 



PCT/EP97/01862 



_7_h_ 6h 12 h ^4_h_ Time 

305 405 305 405 305 405 305 405 Osmolarity (mosmol/l) 




SMIT 
TAUT 

BGTl 

GAPDH 



Fig.6 



SUBSTITUTE SHEET (fttJLE 26) 



wo 97/38686 



7/11 



PCT/EP97/01862 




Fig. 7 
SUBSTITUTE SHEET (RULE 26) 



wo 97/38686 PCT/EP97/01862 

8/1.1 



Osmolaritj' 
205 305 405 mosmol/1 



SMTT 
TAUT 
BGTl 
GAPDH 



Hg. 8 



SUBSTITUTE SHEET (fiULE26^ 



PCT/EP97/01862 



9/11 



a» 

.5 

iS 



.5 

JO 



305 305 375 375 





Osmolality (mosmol/1) 

f 

BGT-1 
COX-2 
iNOS 
GAPDH 



Fig. 9 



SUBSTITUTE SHEET (RULE 26) 



PCT/EP97/01862 

10/11 




Fig. 10 



SUBSrjTUTE SHEET (RULE 26) 



PCT/EP97/01862 



11/11 




control betaine LPS LPS + betaine 

F^. 11 A 



T 



control betaine LPS 



Fig. 11 B 
SUBSTfTUTE SHEET (RU.E 26) 



LPS + betaine 



INTERNATIONAL SEARCH REPORT 



Iniemauonal Appltcanan No 

PCT/EP 97/01862 



A. CLASSIFICATION OF SUBJECT MATTER _ 

IPC 6 A61K31/205 A61K31/185 A61K31/045 



Acoordins t o International Patent Qasafication (IPC) or to both nanonal clamfiotion and IPC 
FIELDS SEARCHED 

Minimum documentanon searched (classification system follovmi by dasaftcabon symbols) 

IPC 6 A61K 



DocuanenUbon searched other tfian minimum doeumcntabon to the extent that such documents are mduded in the fidds seardied 



Electronic data base consulted dxirmg the intcmauonal search (name of data base and, where pracbcal, search tenns used) 



Caiegory * 


Otaiion of document, with mdicabon, where appropnaie, of the relevant passages 


Relevant to daim No. 


P.X 


GASTROENTEROLOGY. 


1-18 




vol. 110, no. 5, May 1996, 






pages 1543-1552, XPOG2036243 






F. ZHANG ET AL. : "lONETIFICATION OF 






BETAINE AS AN OSMOLYTE IN RAT LIVER 






MACROPHAGES (KUPFFER CELLS)" 






see the whole document 




P.X 


FEBS LETTERS. 


1-10, 


vol. 391. no. 3. August 1996, 


16-18 




pages 293-296, XP002G36244 






F. ZHANG ETAL.: "MODULATION OF TUMOR 






NECROSIS FACTOR-alpha RELEASE BY 






ANISOOSMOLARITY AND BETAINE IN RAT LIVER 






MACROPHAGES (KUPFFER CELLS)" 






see the whole document 






-/-- 





Further documents are listed in the continiialion of box C. 



ID 



Patent family members art listed in annex. 



' SpeaaJ catcgpncs of oted documents : . 

'A' doctmscnl definmg the fcncral state of the art which is not 
considered to be of particular relevance 

'E' earlier document but published on or after the intaiuitional 
filing date 

*L' document which may throw doubts on priority daim(s> or 
which is ated to establish the publication date of another 
atabon or other spcoal reason (as spcafied) 

'O' document refemng to an oral dtsdosure, use. cxhibibon or 
oiher means 

'p' document pubbshcd pn or to the mtemabonaJ filing date knit 
later than the pnonty dau claimed 



later document putilished after Che interaabonal filing date 
or pnonty date and not in conflict with the applicabon but 
dted to understand the pnnaple or theory underlying the 
m vend on 

document of particular relevance; the claimed tnvcnbon 
cannot be conadcrcd novd or cannot be considered to 
involve an invenbve step when the document is taken alone 
document of particular relevance; the daimed invention 
cannot be considered to involve an invenovc step when the 
document b. comlsned with one or more other such docu- 
ments, such combination being obvious to a person skilled 
m the arL 

document member of the same patent family 



Date of the actual complebon of the intemabona] search 

30 July 1997 


Date of mading of the intemabonal search report 

06.06.97 


Name and mailing address of the ISA 

European Patent OfTice, P.B. S81S Patentlaan 2 
Nt - 2380 HV Ri]swi)fc 
Td. ( * 31-70) S40-2040. Tx. 31 6SI epo nl. 
Fax: ('^ 31-70) 340-3016 


Auihonzed officer 

Hoff, P 



Fom PCT/lSA/310 (second sheet) (Jtdy 1993) 



page 1 of 3 



INTERNATIONAL SEARCH REPORT 


Intenuoonal AppUcatton No 

PCT/EP 97/01862 


C.(Coiitinuaoon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ' 


aunao of documeiu, willi indicaDon. where appropnate, of (he relevant passages 




P.X 


JOURMAL OF LEUKOCYTE BIOLOGY, 

vol. oi» no* reDrUary i^^/.y 

pages 161-166, XP0Q2036245 

E. PARK ET AL.: "PREACTIVATION EXPOSURE 

OF RAW 264.7 CELLS TO TAURINE CHLORAMINE 

ATTENUATES SUBSEQUENT PRODUCTION OF NITRIC 

OXIDE AND' EXPRESSION OF iNOS mRNA" 

see the whole document 




1-8.10. 
16-18 


P.X 


US 5 516 798 A (FERKET PETER R) 14 May 
. 1996 

see the whole document 




1-18 


X 


WO 91 14435 A {BRI6HAM & WOMENS HOSPITAL) 

3 October 1991 

cited in the application 

see abstract 

see page 12, line 5 - page 13, line 32 
see page 19, line 13 - page 21, line 3 
see page 22, line 19 - page 23, line 16; 
claims 




1-18 


X 


THE JOURNAL OF IMMUNOLOGY, 

vol. 154, no. 9, 1995. 

pages 4778-4784, XP002036246 

E. PARK ET AL.: "TAURINE CHLORAMINE 

INHIBITS PRODUCTION OF NITRIC OXIDE AND 

TNF-alpha IN ACTIVATED RAW 264.7 CELLS BY 

MECHANISM THAT INVOLVE TRANSCRIPTIONAL AND 

TRANSLATIONAL EVENTS" 

see the whole document 




16-18 


X 


JOURNAL OF LEUKOCYTE BIOLOGY, 
vol . 58, no. 6, 1995, 
pages 667-674. XPO02O36411 
J. HARCINKIEWICZ ET AL.: "TAURINE 
CHLORAnlNc* A rKUUUL I Ur MullVMlLU 
NEUTROPHILS, INHIBITS IN VITRO THE 
GENERATION OF NITRIC OXIDE AND OTHER 
MACROPHAGE INFLAMMATORY MEDIATORS" 
see the whole document 




16-18 


X 


EP G 469 813 A (DERMA SYSTEMS LAB LIMITED) 
5 February 1992 
see abstract 

see page 3, line 2 - line 48; claims;, 
exampl es 




1-8,10, 
16-18 


X 


US 3 728 444 A (COOK E ET AL) 17 April 
1973 

see the whole document 

-/- 




1-8, 

lG-14, 

16-18 



Form PCT/tSA/3tO (coAUnuatoon of second itMot) (July 1993) 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 


Inumauonal Applic&ooo No 




PCT/EP 97/01862 


C.(Cananualian) OOCUMEhTTS CONSIDERED TO BE RELEVANT 


Cilcgocy * 


Qta&OQ of tfocuxncm, with indication, where apprapnate, of tlie relevant passages 


Relevant to claim No. 


X 


STN FILE SUPPLIER: BIOSIS; AN=51: 132453. 


1-9, 




XPe02e36247 "TREATMENT BY A PREPARATION 


16-18 




Ur JULUDLC MLlLflri Ur KMD 1 I 10 Vil IM 






PYDPDTMPMTAl UnilMn^ TMPPPTPn UTTU 
CAr cKlncn 1 ML WUuriUo liMrLLlCLI niin 






STAPHYLOCOCCUS" 






& SB NAUCH RAB KIRG NAUCH-ISSLED INST 






TIIDPDI^ 






\lf^^ A 1QAQ 
vO 1 • D y 1^07 , 










V 
A 


CO O i^KO "^AQ A fCAIITDD DDTCTni MVCDC PHl 






CO JUilc l7^D 


10 9 1/ 




see aDSXraCX^ ClainiS, eXoIiiP 1 6 C 




Y 


BIOCHEMICAL JOURNAL, 


1-18 




vol. 312, no. 1, 1995, 






n^riAe- 1 "3 C 1 ^ "3 V DOftOH "3 CO/I Q 






r- ZHANu tl AL. r MY rhKUorfULAKl 1 T 






CTTMItl ATCC DDnCTATI AMHTKI CVMTUCCTC Afcir^ 
^lirlULAic.^ rKU^ 1 AbLANUlN oTNfnc.olb ANU 






LTi.LUUATatriAot-c cArKtOolUN IN ALIlVAIIlU 






OAT 1 T\/CD M A Drt OU AP CC ■ 

KAI LlVtK riALKUrnAuco 






cited in tne dppncation 






see the whole document 




Y 


FEES LETTERS, 


1-18 




vol. 377, no. 1, 1995, 






pages 47-50. XPO02036249 






U. WARSKULAT ET AL. : 'BETAINE IS AN 






OSHOLYTE IN RAW 264.7 MOUSE MACROPHAGES" 






cited in the application 






see the whole document 





Form PCT/ISA/310 <oiaiiAii»uoA af iKsnd thcec) (July 1993) 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 



I. .naltonaj appiicaiion .No. 

PCT/EP 97/01862 



Box I Observations where certain ciaims were found unsearchable (Concinuacion of item I of nrst sheet) 

This Iniernauonai Search Report hu not been €su.bhshcd in respect of certain claims under Arudc !7(2)(a^ for the following reasons. 
1 X I Claims Nos.: 

because ihcy relate to subject matter not required to be searched by this Authority. nameW: 

' Please see Further Information sheet enclosed. 



2. I Claims Nos.: 

^■""^ because they relate to pans of the International Application that do not comply with the prescribed requirements to such 
an extent thai no meaningful Iniernauonai Search can be carried out, speculcaiiy: 



3. Claims Nos.: 

because tney are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4ia). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



.This International Searching Authority found multiple invenbons in this tmemational application, as follows: 



1 . 1 I As alt required additional search fees were umely paid by the applicant, this International Search Report covers all 
' i searchable claims. 



2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were umely paid by the applicant, this Iniernauonai Search Report 
I covers only those claims for which fees were paid, speafically claims Nos.: 



j I No rcouired addiuonaJ search fees were umely paid by the acpUcanu ConseouenUy. this International Search Rccort is 
rcsiricicQ to the invenuon first mcnuoncd tn the claims; u is covered by claims Nos.: 



Remark on Protest 1 j The adduionAJ search Tecs were accompanied by the apphcanl : rrotcsu 

i ^1 No proLcsi accompanied tne payment of addiuonal scarcn iv--: 



Form PCT.:'A.::0 icontinuauon oi ftrsi sncci i:^)(Juiy !V92) 



INTERNATIONAL SEARCH REPORT 

international Aopiication No. PCT/EP 97/ 01862 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/210 

Remark : Although claira 18 Is directed to a method of treatment of the 
human/am*ma1 body the search has been carried out and based on 
the alleged effects of the compound/composition. 

OBSCURITIES: 

In view of the large number of compounds which are theoretically contained 
within the definition "osmolyte" of claims 1, 11, 18 the search had to be 
restricted on economic grounds to the compounds specifically mentioned In 
the description/examples (Art. 6 PCT; Guidelines Part B, Chapt.11,7 last 
sentence and Chapt.III, 3.7) 

Claims searched completely: 7, 9, 10, 13, 15-17. 
Claims searched incompletely: 1-6, 8, 11, 12, 14, 18. 



INTERNATIONAL SEARCH REPORT 

tnfomution on patent family monbers 



lnieRw%mal 

PCT/EP 



Application No 

97/01862 



Paunt document 
cited in search report 



us 5516798 A 



Publication 
date 



14-05-96 



Patent family 
member(s) 



NONE 



Publication 
date 



WO 


9114435 


A 


03-10-91 


AU 


7584891 A 


21-10-91 






US 


5182299 A 


26-01-93 


EP 


Q469813 


A 


05-02-92 


AU 


641529 B 


23-09-93 






AU 


8133291 A 


13-02-92 










CA 


2048068 A 


31-01-92 










JP 


5097666 A 


20-04-93 










US 


5248680 A 


28-09-93 


US 


3728444 


A 


17-04-73 


US 


3899589 A 


12-08-75 


EP 


0659349 


A 


28-06-95 


AU 


8163394 A 


29-06-95 






CA 


2137431 A 


23-06-95 










JP 


7223939 A 


22-08-95 



porm PCT/ISA/210 <paicAt family aiuicx) (Juty 1992) 



